A syntrophic propionate-oxidizing bacterium, strain MPOBT, was isolated from a culture enriched from anaerobic granular sludge. It oxidized propionate syntrophically in co-culture with the hydrogen-and formate-utilizing Methanospirillurn hungateii, and was able to oxidize propionate and other organic compounds in pure culture with sulfate or fumarate as the electron acceptor. Additionally, it fermented f umarate. 16s rRNA sequence analysis revealed a relationship with Syn trophobacter wolinii and Syn trophobacter pfennigii. The G+C content of i t s DNA was 60.6 mol%, which is in the same range as that of other Syntrophobacter species. DNA-DNA hybridization studies showed less than 26% hybridization among the different genomes of Syntrophobacter species and strain MPOBT. This justifies the assignment of strain MPOBT to the genus Syntrophobacter as a new species. The name Syntrophobacter fumaroxidans is proposed; strain MPOBT (= DSM 10017T) is the type strain.
INTRODUCTION
For a long time, Syntrophobacter niolinii was the only described bacterium which could oxidize propionate syntrophically in co-culture with the hydrogen-consuming Desulfovibrio G11 (1) . Several methanogenic syntrophic co-cultures were enriched, but obtaining defined co-cultures remained difficult. S. wolinii was only recently obtained in pure culture, and found to be able to grow on pyruvate or on propionate and sulfate (1 7). Two related syntrophic propionate-oxidizing bacteria, Sjwtrophobacter pfennigii, previously known as KOPROPl, and strain HP1.l were isolated with propionate and sulfate (1 8,19) . A mesophilic bacterium (strain MPOB') enriched by us on propionate was able to ferment fumarate to succinate and carbon dioxide without a syntrophic partner (12) . This strain could oxidize propionate by using fumarate or sulfate as electron acceptors (12, 15 pionate by the use of HS-CoA transferase (1 1). 16s rRNA sequence analysis of S. wolinii, S. pfennigii, strain HP1.l and strain MPOBT revealed that these syntrophic bacteria are closely related and belong to the delta subclass of Proteobacteria (3, 4, 19) . Remarkably, it was observed that another bacterium was related to this group : Desulforhabdus amnigenus, a sulfate-reducing bacterium which is not able to grow syntrophically on propionate (10) .
Recently, we obtained a pure culture of strain MPOBT. Its morphological and physiological characterization are presented here, and its taxonomic position within the genus Syntrophobacter is discussed.
METHODS
Bacterial strains, cultivation and isolation procedures. Strain MPOBT originated from a propionate-degrading culture enriched from granular sludge of an upflow anaerobic sludge blanket reactor treating wastewater from a sugar refinery (1 2 University, The Netherlands).
A previously described bicarbonate-buffered medium was used for isolation and cultivation (1 2). For isolation of strain MPOB' the roll-tube-dilution method ( 5 ) and direct dilution series in liquid media with fumarate as carbon and energy sources were used. Purity was checked by growth in Wilkins-Chalgren anaerobe broth (Oxoid), and in media containing 1 % yeast extract and 20 mM glucose, and by microscopy.
Phylogeny and DNA analysis. Phylogenetic analysis of the strain has been described previously (4, 10) . The nucleotide sequence of strain MPOBT was aligned using the Dedicated Comparative Sequence Editor version 2.60 alignment program with other 16s rRNA sequences derived from the NCBI collection and the Antwerp RRNA database. The sequence of strain HP1.1 was kindly provided by G . Zellner (Wageningen Agricultural University). Only nucleotides that could be unambiguously aligned were taken into account. A phylogenetic tree based on the neighbour-joining method was constructed from a distance matrix according to the two-parameter model of Kimura, as implemented in the TREECON for Windows software package (14) . DNA hybridizations were performed by filter hybridization according to Johnson et al. (6) . Modifications of this method for DNA labelling and hybridization conditions have been described previously (8) . The final stringent washing was done at 65 "C in 0.03 M NaC1,0.003 M sodium citrate, with 1 % SDS. The percentage of binding was determined by measuring the radioactive hybridization signals relative to that found in the homologous hybridizations. The G + C content of the DNA was analysed at the DSMZ using standard methods (9,13,16).
Chemical analyses. All compounds except amino acids were measured by G C and HPLC as described previously ( 1 2). Amino acids were measured as described previously (7). The presence of cytochromes was analysed by recording airoxidized versus dithionite-reduced spectra of cell-free extracts and membrane fractions. The types of quinones were analysed at the DSMZ by HPLC.
RESULTS AND DISCUSSION

Isolation and morphological characterization
The origin and enrichment of the syntrophic propionate-oxidizing co-culture from methanogenic granular sludge has been described previously (12) . The Methanospirillurn sp. was removed from the coculture by continuous subculturing on malate and fumarate. However, this enrichment culture still contained a contaminating small coccoid bacterium, which could be enriched and isolated on media containing yeast extract. The roll-tube technique was applied to try to eliminate the contaminating bacteria.
A culture containing about 1 O8 cells ml-' was diluted in anaerobic roll tubes with fumarate as the carbon source; this resulted after two months in the formation of yellowish colonies of about 2 mm diameter in the 10 and 10 ' dilutions. However, when these colonies were cultured in liquid medium with fumarate as substrate and 0-05 % yeast extract, contaminating bacteria u ere still found. Therefore, dilution series of this liquid enrichment were made, with fumarate as substrate and 0.05 % yeast extract, to simultaneously purify the bacterium and check for growth of the contaminant. Growth was observed up to a dilution of lops. This dilution appeared to be free of the contaminating coccoid bacterium. This culture (strain MPOB") consisted only of the Gram-negative, non motile, rod-shaped bacterium (1.1-1.6 pm wide and 1.8-2.5 pm long) described previously (12) .
Physiological characterization
Strain MPOBT grew on fumarate between 20 and 40 "C with an optimum at 37 "C. The pH range was pH 6.0-8.0 with optimum growth around pH 7. Addition of 0.05 % yeast extract was not necessary, but it stimulated growth. In co-culture with M . hungateii, strain MPOBT had a growth rate on propionate of approximately 0.17 d-l. In pure culture, lower growth rates were observed; 0.09 d-' during fermentative growth on fumarate and 0.024 d-' during growth on propionate and sulfate (15) . Both c-and b-type cytochromes as well as the menaquinones MK-6 and MK-7 were present in fumarate-grown cells. Strain MPOB' utilized propionate syntrophically in co-culture with M . hungateii, and in pure culture using sulfate or fumarate as electron acceptors (Table 1) . In these cases, it oxidized propionate stoichiometrically to acetate and CO, with concomitant production of methane, sulfide or succinate, respectively. Thiosulfate could also serve as an electron acceptor, but nitrate was not utilized. Strain MPOBT fermented fumarate to succinate and CO,, and reduced fumarate to succinate with hydrogen or formate as the electron donor (12) . In addition, strain MPOBT grew on some organic compounds (Table 1) .
During the course of the experiments, it was observed that strain MPOBT grew better when a batch of FeC1, was used in which the iron was partially oxidized, as indicated by the brownish colour. However, when the trace elements solution was added after autoclaving, this difference was not observed.
Taxonomy
The 16s rRNA sequence of strain MPOBT was analysed, and compared with the sequences of S. ivolinii and S. pfennigii (4). Using the 16s rRNA sequence data obtained previously, a new phylogenetic tree was constructed that includes the syntrophic propionate-oxidizing bacteria S. it'olinii, S. Ffennigii, strain HP1.1, strain MPOB' and the sulfate-reducing bacterium Desdforlmhdus aninigenus, and members of the delta subclass of Proteobacteria (3, 4, 10, 19) (Fig.  1 ). This tree clearly shows that the syntrophic propionate-oxidizing bacteria form one cluster with Desulforlzahdus ainnigerzus and belong, according to the grouping of Devereux et nl. (2) , to group 7 of the delta subclass of Proteohncteria. This is a phylogenetically distinct group from the line of completeoxidizing sulfate-reducing bacteria. To investigate this relationship at the species level, DNA-DNA hybridizations were performed. Labelled chromosomal DNA of each of the four strains, and Desulfoh~lbu~s propionicus as an unrelated strain, was hybridized with membrane-fixed chromosomal DNA of the same strains ( Table 2 ). The homology observed between the different strains was always below 26%, indicating that all strains belonged to different species.
Strain MPOBT resembles the syntrophic propionateoxidizing species S. wolinii and S. pfennigii by its ability to grow on propionate in co-culture with M . hungateii and in pure culture by sulfate reduction. A comparison of propionate-degrading strains is given in (10) . The G + C content of DNA of strain MPOBT was 60.6 mol %, which is slightly higher than that of other Syntrophobacter species (1 8,19) .
The morphological and physiological differences mentioned above, and the results obtained from the DNA-DNA hybridization, showed that the syntrophic strains do not belong to the same species. Therefore, it seems justified to describe strain MPOB' as a new species within the genus Syntrophobacter. We propose the name S-vntrophobctcter . fiimaro.uidans sp. nov.
Descr i pt i on of Syntrophobacter fumaroxidans s p.
nov.
Syntroplzohacter . funiaroxidans (fu.mar. ox'i .dans. M. L. neut. adj. fumaricum pertaining to fumaric acid (fumarate) ; L. adj. oxidans oxidizing ; L. adj. junzuroxidans, fumarate oxidizing).
Non motile, rod-to eye-shaped cells, 1.1-1.6 by 1.8-2.5 pm in size, with round ends, single or in pairs.
Gram-negative. Endospores are not formed. The G + C content is 60-6+0.2 mol% (M = 4). Contains cand h-type cytochromes, and quinones MK-6 and MK-7. Strictly anaerobic and grows syntrophically on propionate in the presence of hydrogen-and formateutilizing bacteria or methanogens (e.g. Methcinospirillunz hungateii). Ferments fumarate, malate, aspartate and pyruvate. Propionate, succinate and formate are oxidized coupled to sulfate-reduction. Besides sulfate, thiosulfate and fumarate can serve as electron acceptors, but nitrate is not reduced. Growth is optimal in freshwater medium, pH 7.0-7-6, at 37 "C. Habitat is granular sludge from an upflow anaerobic sludge bed reactor treating sugar-beat processing wastewater. Type strain : Syntrophobacter .fiiniaroxidans MPOBT (= DSM 10017T).
